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EXBECUTIVE SUMMARY

~This study was undertaken to assess the effects of the opera-

tion of Hungry Horse Damon the kokanee fishery in the Flathead
River system ~ Studies concerning operation of the damon Fl athead
River fisheries began in 1979 and continued to 1982 under Bureau of
Reclamation funding. Studies concerned specifically with kokanee
sal mon continued under Bonneville Power Administration funding in
1982. This annual report covers the 1983-84 field season con-
cerning the effects of Hungry Horse operations on kokanee abundance
and reproductive success in the upper Flathead River system This
reEort al so addresses the projected recovery of the main stem
kokanee run under the flow regime reconmended by the Departnent of
Fish, WIdlife and Parks and inplemented by the Bureau of
Reclamation and Bonneville Power Admnistration in 1982.

An estimated 58, 775 kokanee reached spawni ng grounds in the
Fl at headRi ver Systeminl1983. Anaverage of 70,528 kokanee have
reached Fl athead River system sgavvm ng %rounds annual | y over the
past five years, An estimated 16,279 Kokanee spawned ifn the main
stemFlathead River during 1983, which is the second |argest run of
any of the last five years. The South Fork of the F athead
supgorted a very strong spawning run of 5,170 fish. An estimated
1,688 kokanee spawned 1n the Witefish River. A trend count of
34,306 spawners was recorded for MDonald Creek.

The length of kokanee in the Flathead systemis dependanton
the density of the population, so Ien?th s a neasure of year class
stren?th. Rel ationships of year class strength and past flow
conditions in the main stem were highly significant from 1966-83
[(r:O. 93, p<.0d). The predicted length of “1983 female spawners
romthis rel atIO_nShlﬁ (363 m) agreed closely with the actual
| ength of females in the 1983 spawning run (364 mnj, denonstrating
the stren%th of the relationship. The 1983 spawning run was cont
qg%zdlé)& 2%age 1+ fish, as conpared to an average of 80%from

A total of 6,883 kokanee redds were enumerated in the main
stem Fl atheadRiver 1n1983. The timng of spawning was earlier
than in previous years of the study, resulting in the dewatering of
857 redds, which ‘were constructed before controlled flows went into
effect onl5 Cctober.

At Brenneman's sl ough spawni ng area, 314 kokanee construct ed
174 redds, yielding a ratio of 1.80 fish per redd. The average
spawner-redd ratio over the two years this has been studied is 2.4
fish per conpleted redd. A substantial portion of kokanee spawni ng
occurred in daytime spawning study areas in 1983. Daytine red
construction and egg deposition averaged 26% wth 74%occurring in
the night areas.

~ Atotalof 2,366 man-days of angling pressure was estinmated
during the 1983 kokanee | ure fishery in the Flathead River system



Anglers harvested an estimted 4,234 kokanee (7% of the sP]awni n?
run) at a catch rate of 0.61 fish per hour. Mst of the harves
occurred in September, and most anglers interviewed were from
Fl at headCount y.

Estimated nunbers of fry emgrating fromMDonald Creek, the
Wi tefish River and Brenneman’'s Sl ough wer e 13, 100, 000, 66, 254 and
37,198, yielding egfg to fry survival rates of 76% 10.4%and 19.2%
Egg to fry survival rates calculated for eyed eggs planted in two
main stem spawning areas averaged 48%

~ Kokanee fry novement experinents indicated that fry nove
rapidly downstream through the river system during nighttime
periodS after emgrating from MDonal d Creek. During |ower flow
periods nost fry reach the Flathead River near Kalispell (55 km
downst r ean) .durln? the second night of travel. During noderate
flow levels in early My, fry from MDonald Creek reached Kalispell
inone night of travel and passed into Flathead Lake (Y100 km down-
streamj from MDonald Creek during their third night of travel.

Timng of the recovery of the main stemkokanee run will be
affected by fluctuations in natural reproductive success. Average
conditions are estimated to be 20% eg% to fry survival, 2.0% fry to
adul't return, and a 10%50% shifting harvest rate after the popul a-
tion reaches 50,000 fish. Under these conditions the population
would recover to a fishable level by 1993 and to |evels approaching
the managenent goal shortly after the year 2000.
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INTRODUCTION

Kokanee sal mon (Oncor hynchus nerka) were first introducedto
the Flathead systemin 1916 (Mntana Fish and Game Conm ssion 1918,
Alvord1975) and a thriving kokanee fishery had devel oped by the
early 1930°s in Flathead Lake. Kokanee béecane the most popul ar
amefish inthe drai nag?e, support[n? a sunmer trolling fishery in
|athead Lake and until 1983, an intense fall snagging fishery in
the Flathead River system Kokanee conprised about 90 percent of
the total harvest of 719,000 fish in the Flathead Lake-River system
during the 1981-82 season (G aham and Fredenberg 1982, Fredenber
and G aham 1982). Over 80 percent of the ganefish harvested in 197
were kokanee sal non (Hanzel 1977?3.. “Angl ers frommost of the
western United States, Aberta and British Colunbia have taken part
in the Flathead Lake trolling and river snagging fisheries. The
river snag fishery was closed in 1983 to protect the reduced
spawning  popul ati on.

Hungry Horse Dam was constructed on the South Fork of the
Flathead R ver from1948-1953. Located 8 km upstream from the
mouth of the South Fork, the damis operated primrily for flood
control and hydroelectric ener% production. Electrical energy
I%roduced fromthe operation of Hungry Horse is marketed by BPA
enstocks are located 75 m bel ow the crest. At presenf peak
capacity, the powerhouse produces 328 Megawatts at a rated flow
capacity of 11,417 cfs. Qperation of Hungry Horse is determined in
concerf with the conplex network of electrical energyproducing
s%stems, wat er consunption needs, and flood control requirenents
throughout the Pacific Northwest. Water |eaving Hungry Horse
passes through 19 dams before reaching the Pacific Ccean.

Kokanee spawning in the South Fork and main stem have been
affected by operation of Hungry Horse Dam Kokanee spawn in
shallow areas with noderate water velocities. In large rivers like
the Flathead, kokanee spawn primarily along stream mar?l ns and in
side channels. Vertical water level fluctuations of over two
meters in the South Fork and up to 1.4 min the main stem have
resulted in alternate wetting and dewateri n% of eggs when flows
were high during the spawning season and |ow during the incubation
season.  Eggs deposited in s(g)avvm ng gravel s which are dewatered are
subject to dessication and freezing nortality. Dev\at.ering of
kokanee spawning beds was first recognized'in the md 1970's
(Donrose 1975). I-Ieav%/ incubation nortality resulting from de-
watering has pro_bably een the nost inportant” factor affectin ;{e_ar
class strength in Flathead kokanee (Gahamet al. 1980, McMullin
and G aham 1981, Fraley and G aham 1982, Fraley and MMl lin 1983).
The main stem kokanee spawning run has declined froman estimated
post-harvest |evel of over 150,000 fish in 1975 to an avera%e of
9,400 fish during the |ast five years (Fraley and G aham 1982,
Hanzel 1977). The spawning run from 1979-1983 is |ess than 10% of
the managenent goal, represented by the 1975 run.



Studi es conducted by Departnent of Fish, Wldlife and Parks
from 1979 to 1982 under Bureau of Reclamation fundi n%, have
resulted in flow recomendations for the main stem of 3500-4500 cfs
during the kokanee spawni ngi1 period (15 Cctober -15 Decenber) and
3500 cfs or nore dur|n%et e remainder of the year (Fral e% and
Gaham 1982). Mntana Department of Fish, Wldlife and Parks
studies continued under Bonneville Power Admnistration funding in
1982 and1983 with major enphasis on finetuningthe flow recom
mendations in the main stemFlathead River, nonitoring their effect
on_kokanee reproduction and recomendi n? managenent strategies to
bring about the recovery of the main stem kokanee spawning pop-
ulation. Mjor objectives of the study are:

1. Continue to develop the stock recruitment relationshi
blegun19|8r(1)b)1979 for kokanee in the river system (G ahame
al . :

2. Quantify effects of the amunt and timng of controlled
flows on distribution and reproductive success of kokanee
inthe reregul ated portion of the Flathead River. Deter-
mne the relative contributions of day and nighttine
Spawni ng.

3. Determine relative contributions of major river system
spawni ng ar east ot ot al kokanee popul ati on.

4, ldentify timng and destination of successive runs of
kokanee spawners in the Flathead River and their use by
fishermen, and determne if timng is affected by dis-
charge from Hungry Horse Dam

DESCRIPTION OF STUDY AREA

~ The Flathead River, which drains 21,876 km? of sout heast
British Colunbia and northwest Mntana, is the northeastern nost
drainage in the Colunbia River basin (Flgure ). Three forks of
Spp.rgm mately equal size drain the west sfope of the Continental
Vi de.

Kokanee sal nmon, westslope cutthroat (salmeo clarki) and bul |
trout (salvelinus confluentus) ar et het hree maj or sport fishin
the Flathead River (Hanzel 1977). Cutthroat and bull trout are
native to the Flathead, but kokanee were introduced. [n 1916,
500, 000 chi nook sal non e%gs obtained fromthe Oregon Fish
Commi ssi onwer erearedinthe Flathead Lake Hatchery and thefry
were stocked in several area |akes (Mntana Fish and Game
Conmission 1918).  In subsequent years, mature kokanee sal mon or
"redfish" were netted in Lake Mary Ronan and Flathead Lake:
apEarentIy they had been mixed in wth the chinook salmon eggs.
Kokanee popul ations becane established in Flathead Lake and con-
tinued to grow. By 1933, a kokanee trolling fishery was underwa
on Flathead Lake. = That fall an estimated catch of 100 tons o
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kokanee was canned for the Mbontana Relief Commission. Thousands of
kokanee were spawni nghal ongt heshor es of Fl atheadLake and runs
were ascending the Flathead River System (A vord 1975, Mntana Fish
and Game Commssion 1934).

By the late 1930's, a run of kokanee had becone established in
MDonald Creek (Fish and Wldlife Service 1968) and Harobably in the
Wi tefish River and spring areas in the main stemFlathead R ver.
The kokanee popul ation in the main stemcontinued to Igrow fromthe
1960' s through the early 1970's. This growth was part[y associ ated
with flow patterns and nodified tenperatures of water discharged
from Hungry Horse Dam During the md-1960"s, local residents
first noticed | arge numbers of kokanee in Beaver and Deerlick
creeks in the Mddle Fork drainage. Department personnel first
observed kokanee spawning in the Mddle Fork of the Flathead River
fléé)lm MDonal d Creek upstreamto the nmouth of Deerlick Creek in

Q her fish species comonly found in the Flathead R ver in-
cl ude rai nbow trout (sﬂmgdgnmm), mount ai n whi tefish
(Prosopium williamgoni) and | argescal e sucker (Catostomus
macrocheilus) Several other species encountered |ess frequentl
I ncl udebrook trout (Salvelinus fontinalis), Yellowstone cutthroa
trout (salmo clarki bouvieri), | ake trout (Salvelinus namaycush),
| akewhi t ef | Sh(Coregonus clupeaformis), pygmy Whi t ef i Sh (Prosopium
coulteri) and nort hern squawfi sh (Ptychocheilus oredonengis)
Several m&e species are known to be present in the drainage, but
are rarely encountered in the Flathead River.

METHODS
ADULT KOKANEE MIGRATION AND ABUNDANCE

Mgration and abundance of kokanee spawners were nonitored by
snorkel rng, aerial census, fisherman tag returns of marked fish
and redd counts. Kokanee were observed by snorkeling in the North
and Mddle Fork drainages. Aerial census was the major nethod used
in determning spawner distributionin the main stemFlathead and
lower Mddle Fork.

Snorkeling surveys were conducted in selected areas of the
M ddl e Fork above McDonald Creek in late Septenmber and the North
Fork from Kintla Geek to Canyon Creek in early Cctober, 1983.
Snorkeling counts were made on the entire length of MbDonald O eek
six times between early Septenber and m d-Novenber, 1983. Two
observers snorkel ed downstream and forced kokanee school s upstream
between them Each observer reported a count to a data recorder
fol lowing behind in a canoe. The two counts represented the high
and low range for each school of fish.

~Aerial counts of kokanee spawners were made as part of a
fisherman census on the Flathead R ver fromFlathead Lake upstream



to the confluence of the North and Mddle Forks. These aerial
counts were also made on the Mddle Fork bel ow Vst Gacier. A
smal | plane carried the observer at an elevation of approximtely
150 m over the river channel and counts were made by estimating the
size of schools of adult spawners. The counts were made approx-
imately three times weekly from 28 August to 15 Cctober 1983.
Qther researchers have successfully used aerial counting methods to
enunerate salnon. G bson (1973), Neilson and Geen (1981) and
Church and Nelson (1963).

Kokanee spawner abundance was estimted fromredd counts in
all segments of the river system except MDonald Creek, where redds
were too dense to be enumerated individually. Abundance was esti -
mated by multiplying redd counts by an average figure of 2.4
spawners per conpleted redd. This ratio was determned by conpari-
sons of trap counts of spawners and redd counts in confined areas
in 1982 and1983. Areas trapped included a main stemspring site
and Beaver O eek.

CENSUS OF THE RIVER SYSTEM KOKANEE FISHERY

A survey of the kokanee fishery was conducted on sections Mol -
M4 of the main stemFlathead River and section Ml of the Mddle
Fork of the Flathead River from28 August through 15 Cctober, 1982
(Table 1, Figure 2). The purpose of the survey was to determne
catch rates, fishing pressure, harvest, and other informtion con-
cerning the lure fishery for kokanee salmon in the main stem and
Mddle Fork from late August through early Cctober.

The fishery or creel census design was a nodification of the
method described by Neuhold and Lu (I957) and used by Fredenberg
and Graham (1982). " A conplete description of the methods is given
in the 1983 annual report.

SPMANING SITE INVENTORY

~ Aninventory of spawning sites or redds was conducted in five
Maj Or spawni n% areas in the Flathead River system including the
main stemF athead (Figure 2), Mddle Fork of the Flathead, Beaver-
Deerlick Creeks, Whiterish River and South Fork of the Flathead The
inventories were made when spawning was considered at [east 90
percent conpleted in each area, as indicated by the presence of
Spawners.

SEavvni ng and incubation flows in the Flathead River belowthe
South Fork were provided duri n? the 1983 water year thrqu?h agr ee-
ment with the Bureau of Reclamation and the Bonneville Power
Adm nistration, as recommendedtothe Northwest Power Planning
Council by the Department of Fish, Wldlife and Parks. Spawning



Table 1. Description of angler survey sections on the mainstem Flathead
and Middle Fork of the Flathead River.

River Section length
Description section km Miles
Flathead River - Flathead Lake to MS1 36.0 22.4
confluence of Stillwater River
Flathead River - Mouth of Stillwater MS2 19.0 11.8
River to Pressentine Fishing Access
Flathead River - Pressentine Access MS3 10.6 6.6
to Highway 40 Bridge at Columbia
Falls
Flathead River - State Highway 40 MS4 23.3 14.5
Bridge to confluence of North and
Middle Forks
Middle Fork of Flathead - Confluence MF1 21.7 13.5

of North Fork to confluence of
Harrison Creek
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flows of 3,500 to 4,500 cfs (at Colunbia Falls) were naintained
from 15 Cctober to 15 December. Am ni mumflow of 3,500 cfs was
maintained from 16 Decenber to 30 April..

Kokanee redd counts were made in md-Cctober and early and
| at e Noverber in the Flathead River belowthe South Fork. All
areas which had suitable spawning gravel were checked from a jet
boat or by wading.

Surveys of spawning activity in MDonald Creek were nade while
snorkeling from Septenber to Novenber, 1983. Actual counts of
redds tWere not made due to the density of spawners and redd super-
| nposi tion.

Kokanee redd counts were nmade in the Mddle Fork of the
Fl athead River above MDonal d Creek on 1 Novenber 1983. The Mddle
Fork bel ow MDonal d Creek was surveyedon 20Gctober. Reddcounts
were made in both Beaver and Deerlick Creeks on 5 Decenber. The
Wiitefish River was surveyed for kokanee redds on 24 and
25 Qctober. Redds were countedinthe South Fork of the Flathead
on 7Novenber.

Fish traps to enunerate kokanee spawners were placed in
Brenneman's Sl ough (main stemarea ), Colunbia Falls Slough (main
stemarea 36), Beaver Creek, and Deerlick Creek. Nunmpers of
spawners enteringtheseareas were conpared with the nunbers of
redds constructed.

Areas of gravel in four main stem kokanee spawning areas,
MDonal d Oreek and Beaver Creek were sel ected for diel spawnin
studies. In areas where sufficient spawners were present, areas 0
gravel were alternately covered and uncovered during day and night
periods. Redd construction and egg deposition were conpared in
areas available for daytime and nighttime kokanee spawning.
Behavi oral observations were al so made throughout the spawning
period in these areas.

EGG INCUBATION AND ALEVIN DEVELOPMENT

Survival and devel opment of kokanee eggs and sac fry alevins
was monitored in natural redds throughout the winter in the
Flathead R ver to evaluate the effects of the requested spawning
and incubation flows, A hydraulic qu sanpler (Gaham et al. 1980,
MNei | 1963) and kick net were used to sanple natural redds.

Survival and devel opnent of eggs and al evins were also
monitored at sanning areas in the Middle Fork Flathead River,
McDonald Creek and the Whitefish River. Two areas of the Middle
Fork, one below and one above MDonald Creek, were sanpled with the
kick net. A 2 kmportion of MDonald Creek was sanpled with the
hydraulic egg sanpler and kick net to estimte the density of live
eyed eggs and sac fry alevins in the gravel.



Egg to fry survival was monitored for experinental kokanee egg
|lants at main stemarea 13, a spring influenced site near Lybecks
ke, and main stem area 2, a Side channel area bel ow Kal'ispell
(Figure 2). These areas were selected for experinental recovery
pl ants because they had been high quality spawning areas in the
past, but had been virtually unused by kokanee from 1979-1983. Two
methods of planting eggs were tested; wre mesh planting boxes and
artificial redds, each supplied with 1000 eggs. Both green and
eyed eggs were planted for conparison purposes. Survival In sanple
redds and boxes was checked nonthly. E?g nortality rates for each
month until hatching were added for total nmortality.

STREAMFIOW — KOKANEE LENGTH RELATIONSHIPS

Rel ationships between year class strength of kokanee spawners
and flows during the spawning and incubation seasons which produced
themwere anal yzed (McMillin and G aham 1981). Length of kokanee
spawners was used as the measure of year class str.engFth, assum ng
fish size was inversely related to fish nunbers in Flathead Lake.
QG her workers have reported this denng dependent rel ationship in
sockeye sal mon PO ul ations (Foerster 1944, Johnson 1965, Goodl ad
1974, Stober etal.1978).

The majority of kokanee Spawners entering the river systemin
a Pamclul ar year are of one age class (Hanzel 1976). However,
interactions with other year classes of kokanee can affect their
growth. To account for  year class interactions, a three-year
moving average of flow conditions was used in the calculations
(Gahamet al. 1980, MMillin and G aham1981).

FRY EMERGENCE AND MIGRATION

Timng and abundance of energing fry were evaluated using 0.5
m? drift nets suspended in the water colum and fry emergence traps
placed over the spawing gravel.

- Drift nets were used in all river system spawning areas to
filter swnmng fry from the water colum (F.raley and Gaham 1982).
A fry holding box (Figure 3) was added during 1984 to reduce fry
mortality in some areas. Net sets were made weekly from January to
md-June in MDonald Creek. In Brenneman's Sl ough, sanpl es were
takenf rom February to md-June. Sets were made in the Mddle Fork
of the Flathead near West G acier and the main stemnear Kalispell
{rorg March through My. The Witefish River was sanpled from March
0 June.

Drift nets were suspended in the water col um overnight at
each area. Fry were counted, the volume of water filtered bythe
net was calculated and a total estimate of fry emgration from each
area was obtained. These data were used to estimte production and
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Fig. 3. Fry holding box for drift net. Construction is % inch plywood with
1/8 inch hardware cloth windows which were given several coats of paint
to reduce mesh size. Hnged top is made of % inch plywood, baffle and
deflector are sheet netal.



egg to frysurvivalrates from each area. Distribution of frg_in
the water colum was evaluated in overni g{ht experiments using drift
nets distributed laterally and vertically in the water colum in
MDonald O eek.

- Two experinents were conducted to nonitor fry novements in the
river system Twogroups of fry were captured in MDonald Creek
and dyed with Bi smark Brown stainata concentration of 1:30,000
(Ward andVer Heven1963). Mvenents of these fry were followed b

setting drift nets at the junction of the Mddle andWrth Forks o

the Flathead River near Blankenship Bridge (8 kmdownstreanm, the
main stemFlathead River at the County Bridge bel ow Col unbia Falls
334 km downstrean) the Od Steel Bridge near Kalispell (55 km
ownstrean; and the Sportsman Bridge near Flathead Lake(94 km
downst rean).

Fry emergence traps (0.12 m2) were placed in river system
spawning areas to help determne emergence timng and abundance of
kokanee fry gFraI ey and Graham 1982). Phillips and Koski (1969)
used simlar traps in Oregon river systems to capture salnonid fry.
The traps consisted of a nylon net and metal frame with a nylon
sock and plastic collecting bucket to caPture emerging fry. Frames
were attached to the stream bhottom with rebar. Ten traps were
placed in main stemspawing areas, four were placed in MDonald
Ceek, and two were placed in the Witefish River.

RECOVERY OF THE MAINSTEM KOKANEE POPULATION

To project the recovery of the main stem kokanee popul ation,
an egg to fry survival rate of 20 percent and various fry to adult
survival rates were assumed. A 20 Percent over|ap of the previous
kokanee year class was assuned and the number of returning kokanee
spawners was projected for each %ear from 1983 to 2033. Aconputer
Br ogram whi chi ncor por at edt heabove assunptions was wittenby
oger Larson of the Bureau of Reclamation incooperation with the
Department of Fish, Wldlife and Parks. The E5)rogram was calibrated
with kokanee escapenent estimtes nmade from 1979- 1983,

RESULTS AND DISCUSSION
RKOKANEE ABUNDANCE AND MIGRATION
Kokanee Abundance

One of the ngjor objectives of the study was the assessment of
the relative contribution of various river system segments to total
kokanee recruitment to the Flathead Lake popul ation. Monitoring
the abundance of kokanee in areas unaffected by Hungry Horse dis-
charges such as McDonald Creek, the Mddle Fork of the Fl athead
River, Beaver Creek, Deerlick Creek, the Witefish River, and main
stem spring areas provides areference to monitor natural fluc-
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tuations in kokanee popul ations. An estimted 58,775 kokanee
spawned in all segments of the Flathead River systemin 1983 (Table
2). based on snorkel counts and redd counts.

Mainstem Flathead River

- An estimted 16,279 kokanee spawned in the main stemFl at head

River 1n1983, assumng 2.4 kokanee per conpleted redd (Table 2).
More kokanee sPavvned in the main steminl983 than inanyyear of
the study except 1981

McDonal d Creek

. A mean snorkeling trend count of 34,306 kokanee was obt ained
in lower MDonald Creek on 5 Cctober 1983 (Table 3).  Kokanee
nunbers dropped during later counts, indicating peak kokanee m gra-
tionand spawning occurred earlier than in previous years of the
st udy ?Table 3). Spawning had begun by md-Septenber and was
virtually conpleted before 16 November when only 396 |ive kokanee
were present. The total nunber of kokanee Spawning in |ower
McDonal d Creek in 1983 was probably nearer the upper range of the
trend count (38,000-40,000) because of turnover of spawners before
and after the peak trend count.

_ Kokanee spawned in upper MDonald Creek (above MDonald Lake)
during 1983, as 2,100-2,500 fish were counted on 2 Novenber. It is
not known whether these fish were fromFlathead Lake, or froma
ngB(L)JI ation existing in MbDonald Lake. The kokanee in upper

nal d Creek averaged 15mm|arger than fish collected from | ower
MDonal d O eek.

Mdd e Fork of the H at head

An estimted 1,330 kokanee spawned in the Mddle Fork of the
Fl athead River during 1983 (Table 2), based on redd counts of 120
above MDonald Creek and 434 bel ow MDonal d O eek (A&pendlx A.
Snorkel counts of spawners in the Mddle Fork bel ow McDonal d Creek
indicated large nunbers of kokanee bound for MDonald Creek were
not holding in this river section as they had in previous years.
There was virtually no spawning run into Beaver or Deer-lick O eeks
in the upper Mddl’e Fork drainage; only one redd was constructed in
the lower portion of Deerlick Creek. "This conpares to a count of
{%882redds In Beaver and Deerlick Creeks in 1981, and 42 redds in

Wt ef i shR ver

An estimate of 1,272 kokanee spawnedi nt he Witefish R ver
above Rose Crossing (Table 2) based on a redd count of 530,

12
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Table 2.. Estimated numbers of post-harvest kokanee spawners in the Flathead River system, 1979-1983.

The percent contribution for each area is in parentheses.
McDonald Mainstem Whitefish South Fork Beaver-Deerlick Middle Fork

Year Creekl Flathead R? River? Flathead R? Creeks? Flathead R. Total

1979 65,000 6,785 --- -3 0 ---3 71,785
(90) (10)

1980 49,500 1,121 1,022 -3 --3 ---3 51,643
(96) 2) (2)

1981 103,500 19,073 988 720 1,723 5,520 131,534
(79) (15) (<1) (<1) (1) (4)

1982 30,965 3,720 1,836 480 101 1,802 38,904
(80) (10) 5) (1) (<1) @)

2
1983 34,306 16,279 1,272 5,170 (<1) 1,330’ 58, 775
(59) (28) (3) (9) 2

1 Mean snor kel

3 No count.

count of spawners.
2 Estimated by multiplying redd counts by 2.4.



Table 3. Snorkel counts of kokanee in McDonald Creek during 1983.

Number of kokanee

Low High Mean
Date count count (live) Dead Total mean
9/7/83 4,845 6,390 5,618 0 5,618
9/21/83 11,092 12,677 11,885 10 11,895
10/5/83 30,360 37,995 34,178 128 34,306

10/19/83 22,327 25,427 23,877 2,213 26,090
11/2/83 6,370 7,540 6,955 2,870 9,825

11/16/83 377 414 396 --- 396

1 No count due to decomposition.
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IgaAppendi x A). Anestimted 326 kokanee spawned in the whitefish
ver below Rose Crossing. An additional 90 spawners were esti-
mated based on a redd count of 37 in the Stillwater River fromthe
confluence of the Witefish Rver to Conrad Drive.

South Fork of the H athead

The South Fork of the Flathead supported a spawning run of
5,170 kokanee (Table 2? based on a count of 2,154 redds
(Appendi x A% . The nunber of spawners in the South Fork in 1983 was
nearly ten times greater than in 1981 or 1982. It is possible that
some ‘straying occurred into the South Fork fromother river system
segments.

Kokanee Migration

~The rate of magration and distribution of kokanee spawners may
be influenced by river discharge and tenperature and may affect the
recreation potential of the fishery. Aerial counts of kokanee
aided in the assessment of the mgration patterns in the river
system

The timng of kokanee mgration in the Flathead River in 1983
was about one week earlier than in previous years, as 23 individual
schools of fish were observed in an aerial count on 31 August
éFI ure 4). One school was observed as far upstreamas the Mddle
ork of the Flathead River, 3 mles below MDonald Creek.

Few kokanee were observed during aerial counts in main stem
Section MSl, partly because of water depth. However, the |ow
nunbers of fish observed and limted angler success indicated
kokanee were not holding in large nunbers in this river section.
Low nunbers of kokanee were seen periodically in aerial counts from
| ate August to md-Cctober in river section MS2, reflecting
periodic upstream mgration through this river section. No
spawning occurred in Section M52 in 1983. Electrofishing surveys
in this section near Kalispell confirmed the fact that no large
numbers of kokanee held in this area of the river during 1983.

Aerial kokanee counts were greater in Section MS3, reflecting
upstreamnovenent and noderate nunbers of kokanee spawning in this
section. Counts were relatively high in main stem Section ws4.
Large numbers of kokanee spawned in this section, and mgrating
kokanee bound for MDonal d Creek periodically held in the area.
Kokanee nunbers peaked in late Septenber. 'In general, larger
nunbers of kokanee were observed in the main stemthroughout the
1983 spawning and mgration period than were observed in 1982,
reflecting the stronger 1983 year class. Good survival conditions
and |ower fishing limts for ‘this year class are probable reasons
for the increase in spawer nunbers.

Aerial counts of kokanee peaked in md-Septenber and m d-
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October in the Mddle Fork of the Fl athead bel ow MDonald O eek
(Figure 4). The earlier CEeak probably represented spawners staging
to nmove into MDonald Creek. The later J)eak_ represented some
staging kokanee, but was probably conposed mainly of fish which
were spawning in the Mddle Fork.

CENSUS OF THE RIVER SYSTEM ROKANEE FISHERY
Mamst en FLat head River

The traditional river systemsnag fishery was closed duri ng
1983; all kokanee anglers used lures or a combination of lures an
corn. The fishery on the main stem be%an in late August, when
kokanee spawners moved upstream from Fl athead Lake into the "Sal mon
Hol e" area of the river bel ow Kalispell (Section MJ). A total of
88 angler parties, nostly boat fishernen, were contacted in the
Salmon Hole area. The nmajority of the anglers (94% were fishing
for kokanee (Appendi x B).

A total of 998 mandays of fishing pressure was expended by
anglers on Section M1 from 27 August through September. Anglers
caught kokanee at a rate of 0.49 fish per hour and harvested an
estimted 2,625 fish from this river section (Appendix B).

Anglers had limted success in Sections M52 and ms3 as the
kokanee run progressed upstream No kokanee were caught by anglers
interviewed in Sections M52 and ws3.  Fishing pressure i'n the two
sections totalled724 mandays from 27 August through 15 Cctober.
Mst of the angling was for cutthroat and whitefish; only 20% of
the anglers contacted were fishing for kokanee (Appendix B{.

Onl y273 mandays of anglingpressurewas estinmated for main
st emSection MA4. The few anglers who fished this section enj o?/ed
?f(?gt crll Izate of 1.5 kokanee per hour and harvested an estimafed

, okanee.

Fi shi n? pressure for the fall kokanee season on the four
sections of the main stemtotalled 1995 mandays. An esti mated
3,734 kokanee were harvested at a rate of 0.56 per hour. Anglers
fishing specifically for kokanee conprised 62% of the total
pressure, catching kokanee at a rate of 0.72 fish per hour

(Appendi x B).

The 1983 main stem kokanee fishery attracted few non |ocal
angl ers because of the | ow kokanee PQIOL” ation |l evel, closure of the
snaggi ng season and the reduced limt of 10 fish. O the 179
parties interviewed, 91%listed their residence as Flathead County.

Mddl e Fork of the H athead R ver

A very limted kokanee fishery existed on the Mddle Fork of
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the Flathead River in 1983 SApgeendi x B). Atotal of 19 angler
parties were interviewed from 15 September - 15 Cctober. Fishermen
caught kokanee at a rate of 1,1 per hour, using lures or a
conbination of lures and corn. Fishing pressure was estimited at
onIY 371 hours (63 mandays), concentrated in the last two weeks of
Septenber. The limted activity resulted in an estimted harvest
of 500 kokanee.

Cageri salof Present andPast F5sheri es

Surveys of the Flathead River stt em kokanee fishery were
conducted in 1975 and 1981 (Hanzel 1977, Fredenberg and G aham
1982), and i n1982 and1983. The 1975 and 1981 fisheries reflect
kokanee snagging with a 35 fish limt and relatively stronc};_popu-
lation levels (Table 4). The 1982 figures represent a snag tishery
wth a 20 fish limt and relatively |ow population |evels.
Snagging was not allowed in 1983, and the figures reflect the
greatly reduced fishing pressure andharvest, thel0 fish [imt,
and the relatively low population Ievel.

Because of the relatively weak main stem runs of recent years,
there has been a shift in angler pressure from these |ater SR/?V\HI ng
fish to the "earla/u" runs bound for MDonald Creek and the Mddle
Fork (Table 5). ring 1981, 1982 and 1983, the mmjority of the
kokanee harvest was borne by the "early runs" of fish bound for the
Mddle Fork drainage. In 1975, however, the mgjority of the
harvest was fromthe "late runs” of main stem spawners present in
the main stemafter 1 Qctober. This shift of the harvest fromthe
late runs to the early runs of kokanee reflects the fo;)ul ation
decline in the main stemspawning run during the late 1970's. The
decrease in the percent of the population harvested is due mainly
to decreasing |inits, elimnation of snagging and |ow kokanee
popul ation levels.

SPAANING SITE INVENIORY
Flathead River Redd Counts

Kokanee spawning in the main stemFlathead R ver bel ow the
South Fork had begun y 25 September 1983 when redds and fish were
observed at Area 39. Atotal of 3,100 redds had been constructed
b¥ 18 COctober. By md- Novenber, 5,948 redds were counted. A total
of 6683 redds had been constructed in 28 spawning areas by late
Novenber (Table 6 and Appendix A).

. The timng of spawning in the main stem durin? 1983 resul ted
in the dewatering of 657 redds before the 15 Cctober flow re-
strictions went into affect. O the 6026 wetted redds in the nain
stem 748 (12.3% were constructed in spring influenced areas.
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Table 4. Comparison of characteristics of the 1983, 1982, 1981 and 1975 river system kokanee fisheries.
The 1975 fishery data is for the mainstem only. During the fall of 1975 very little fishing
occurred on the Middle Fork.

Middle Fork Mainstem
1983 1982 1981 1983 1982 1981 1975
Catch rate (kokanee/hour) 1.10 0.93 2.0 0.56 0.45 2.0 2.0
Fishing pressure (hours) 371 17,019 37,870 8,377 25,630 56 ,602l/ 69,276
Number of hours per 5.9 3.4 4.7 4.2 3.3 3.2 3.6
completed trip
Fishing pressure (mandays) 63 5,006 8,040 1,995 7,767 17 ,6881/ 19,223
Kokanee harvest 500 18,047 75,117 3,734 12,402 77,000 150,243
Percent of harvest by 46 77 79 28 70 73 ---
shore anglers
Percent of fisherman 22 19 6.8 8 6 4.8 1.6
hours interviewed
Total number of party 19 436 237 177 324 2072/ _

interviews

1/ Pressure from September and October.

2/ Interviews from September and October only.



Table 5.

Estimated distribution of harvest between the Middle Fork
"early" runs and the mainstem "late" runs during 1983,

1982, 1981 and 1975.

The percent of the estimated popula-

tion which was harvested is in parentheses. Methods for
the estimates are given in Fraley and McMullin (1983).

Year Middle Fork runs Mainstem runs Total
1983 3,212(8) 1,022(6) 4,234(7.5)
1982 29,999(44) 450( 10) 30,449(42)
1981 133,555(53) 18,562(44) 152,117(52)
1975 18,450(40-45) 131,793 (40-45) 150,243(40-45)
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Table 6. Numbers of redds counted in early and late November in
spawning areas utilized by kokanee salmon on the Flathead
River below the South Fork in 1983.

Area 29 November -
number 3-14 November 2 December
1 8 278
9 3 7
10 19 19
18 2 2
19 6 6
20 130 130
21 18 24
25 124 124
27 311 368
28 60 60
29 197 197
30 103 103
31 25 25
32A 6 10
32 196 199
33 36 36
34 123 123
35 20 25
37 1100 1302
38 260 260
39A 30 30
39B 108 108
39 1851 1852
39C 742 742
40 178 231
41 0 8
42 100 222
42A 192 192
TOTAL 5948 6683
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Kokanee spawning in the main stem occurred earlier inl983
than in the previous four years of the study, as 89% of all redds
had been constructed by early November. During the previous years
of the study, less than 50% of all redd construction had faken
place by early Novenber.

Relationship of Redd Counts and Spawner Counts

Kokanee sal mon entering the Brenneman's S ough spawning area
were monitored by stream trapping_for the purpose of conparing
spawner nunbers and redd counts. ~Total kokanee numbers in ot her
spawni ng areas can then be estimted using a ratio between spawner
and redd counts.

A total of 314 kokanee (136 males, 178 fenales) were passed
througllh the Brenneman's Slough trap by the end of December (Figure
512' hese fish constructed 174 redds, vyieldi ngi a ratio of 1.8
okanee per redd (0.78 males per redd, 1.02 females per redd).

The spawner - redd ratio during the 1982-83 sann year was
3.02 in Brenneman's Slough and 3.2 in Beaver Cree gFraI ey and
MeMul 11 n1983). The overal| average spawner - redd ratio for the
sites studied in 1982 and 1983 was 2.4.

Insufficient nunbers of fish entered other spawning areas
where traps were in place in 1983 to obtain a relationship.

Residence Time of Spawners

Three groups of kokanee were tagnged as they entered
Brenneman's Sl ough to determne Iength of residence tine.
Residence tine informtion could be inportant in determning turn-
over rates and total nunbers of spawners in MDonald Creek, where
periodic snorkel counts are nade.

Maxi mum resi dence tine recorded for the first dgrou,p of kokanee
was 25 days. Kokanee from the second group tagged still remained
alive in the spawning area after 32 days. No Tesidence tinme was
determned for the third group of spawners due to ice formation.

Resi dence timein Brennemn's S OUSQ (approxi mat el y one nont h)
may be less than in an area such as MDonald Creek. Kokanee enter
Brenneman's Sl ough in sPavvm ng condition, while fish enterin
MDonald Creek are not fully Tipe. Residence tine in MDonal

Creek is probably closer to one and on-half to two nonths.
Day-Night Spawning Studies

- Determning the diel timng of kokanee spawning in Flathead
River spawning areas is of critical inportance in fine tuning flow
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recomendations in the main stem bel ow Hungry Horse Dam
Sufficient nunbers of spawners entered Brenneman's Slough (main
stem Area 1), the House of Mstery (min stem Area 39% and MDonal d
Creek study sites for day-night spawning studies in 1983.

At main stemArea 1 a total of 582 eggs (43% of the tota
deposition were deposited in three redds or parts of redds |ocated
in the da¥ portion of the study site (Table 7). In the night
portion, 777 eggs (57% were depoSited in six redds or portions of
redds. At main Stemarea 39, the daﬁ portion of the site contained
714 eggs (34% in four redds. In the night area, 1,415 eggs were
found In six redds. All egg_dep05|tjon (70 eggs) and redd con-
struction (5 redds) occurred in the night area on MDonal d Creek.
The experiment was termnated before mich egg deposition had taken
place due to the arrival of mgrating eagles.

In sunmary, an average of 26% of hoth the egg deposition and
the redd construction was found in the day portions of the stud
sites. The night portion of the study sites contained 74% of bot
egg deposition and redd construction. Kokanee remained above redds
constructed in the night areas during daylight hours at all areas,
even thou?h the redds were covered with wire blocks. These data
indicate that a mninumof one quarter of kokanee spawning in the
mai n gten1mou|d be lost if generation occurred during the daylight
peri od.

BGG INCUBATION AND ALEVIN DEVELOPMENT
nggandAl evi nsur vi val

. Egg survival was monitored from m d-Decenber to earlr January
In varirous river systenwsgamnlng areas (Table 8%. Survival in min
stemredds ranged from 27-92% and averaged 62% During 1982-83,
main stemsurvival ranged from 37-75% and averaged 59% (Fral ey and
MMl lin, 1983). These figures reflect the success of the
recommended flows in the river below the South Fork in elimnatin
excessive incubation nortality in most areas. During years of fa
genergalon such as 1979, survival in shallow spawning areas was
near 0

Survival in other river systemareas ranged from 86%to 97%
Survival figures for these areas may be high due to the later
sanpling date and the possible deconpoSition of eggs.

Di ssol ved ox%gen levels at 15 cm gravel depth in main stem
area 1 averaged 4.7 ppm while levels inall other areas were above
8.9 ppm  The | ow di ssol ved oxy?en levels in Area 1 due to organics
and deconposition may have contributed to the relatively |ow egg
survival of 27%
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Table 7. Numbers of kokanee eggs deposited in dv and night
spawning sites at Flathead River system spawning areas.

Brenneman®s Slough  Mainstem Area 39 McDonald Creek1
(11/15-11/23/83) (10/17-10/25/83) (9/26—10/3/83)—/

Day Night Day Night Day Night
Live 165 198 424 698 0 70
Dead 417 579 290 717 0 0
Total 582 777 714 1415 0 70
' Egg
deposition 43 57 34 66 0 100

1/ Experiment terminated early due to the eagle concentration.



Table 8. Analysis of green to early eyed kokanee egg samples taken from kokanee redds with a 0.11 m2

hydraulic sampler and kick net in areas of the mainstem Flathead River, Middle Fork Flat-
head River, McDonald Creek and Whitefish River during December and January 1983-84.

[RVEPI V) ricarnd irect yluVCl
number  Percent Percent dissolved oxygen Water
Location Na~ paas cimrvival avad {nnm) tamnowvratites
Mainstem Flathead River
Brenneman‘s Slough (Area 1 12/14/83  1359% 27 0 4.7 a5°F2/
Hoerners (Area 27) 12/15/83 226 46 3 10.2 39°F
Highway 2 Bridge (Area 32) 12/16/83 114 82 0 10.2 36°F
House of Mystery (Area 39) 01/04/84 293 92 100 8.9 41°F
Middle Fork Flathead River 12/19/83 317 96 7 11.5 34°F
South Fork Flathead River 01/05/84 687 94 100 - 39°F
McDonald Creek 12/19/83 491 97 100 11.1 39°F
Whitefish River 12/15/83 118 86 100 10.5 33°F

1/ <ggs sampled on 29 November.

2/ Temperature taken on 30 January 1984.



Egg and Alevin Development

~ Kokanee egg devel opment was rapid during the 1983-84 incuba-
tion period, due to early initiation of spawni n? and war mer wat er
tenperatures. Al sanpled eggs had reached the eyed stage in
McDonal d Creek and the Witefish River by md-Decenber. By early
January eggs in min stem Area 39 and in the South Fork of the
Flathead River had reached the eyed stage.

Hat chi ngi< was earlier during 1983-84 than in previous years in
MDonald Creek (Table 9). By md-January, 29% of all eggs” sanpled
had hatched. The trend of earlier hatching dates of kokanee eggs
over the past five years in MDonald Creek reflects the trends of
progressively earlier spawning timng and the absence of later
Spawners

Experimental Egg Plants

Kokanee eggs were planted in two main stem areas that had
supported kokanee spawning before the late 1970's, but have not
contained redds during the last four years. These areas were
chosen to determne the effectiveness of egg plants in aiding the
recovery of the min stem kokanee population.

At Lybeck's Dike (Area 13), a spring influenced site, an
estimated 68% of the 23,000 eyed eggs survived to hatchi n%.
Emergence trap catches fromtwo plants of 1000 eggs indicated 45-
46% egg to er]ergil ng fry survival (Figure 6). These figures indi-
cated a survival rate of 67% from hatching to emergence and a
production of 10,465 emgrating fry.

A Area 2, a side channel site, an estimated 74% of the 23,000
eyed kokanee eggs planted survived to hatchi n%;. Appl yi n% the
hat chi n% to energence survival rate determned for Area 13, an
estimated 11,403 emgrating fry were produced./ An estimated 67% of
the 5500 green eggs planted survived to hatching at Area 13. Of
the 4,500 green eggs planted at Area 2, an estimated 37% survived
to hatching. No enmergence and emgration information were avail-
able for green plants, but based on hatching to emergence survival
in the eyed plants, an estimated 24% and 44% of the green eggs
survived to energence at ‘Areas 2 and 13, resgectlvely. These
survival rates indicate productions of 1080 and 2420 fry from green
egg plants in Areas 2 and 13, respectively.

No significant difference in egg survival was noted between
PI antlnP boxes and artificial redds. Artificial redds required
|esst effort than planting boxes and are recomended for any future
plants.

In summry, an estimted 21,868 fry were produced from 46,000
eyed eggs planted in Areas 2 and 136 gl el ding an egg to emgrating

fry survival rate of 48% The 46,000 eyed eggS survived from
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Table 9. Analysis of egg and alevin samples taken in McDonald
Creek in the Apgar area from 1980-1984.

Sampling No. No. Live Eqgs

dates Samples and Alevins % Survival % Alevins
1/18-1/23/84 18 1,127 92 29
2/1-2/2/83 13 1,181 88 25
2/8-2/9/82 14 1,424 78 12
1/13/81 3 311 94 <1
1/14/80-2/1/80 10 1,801 85 7
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56, 000 green eggs deposited in the hatchery. The egg to fry sur-
vival rate was 39% wnen calculated fromthe original 56,000 eggs.
An estimted 3500 fry were produced from 10, 000 9reen eg?s pl ant ed
yielding an egg to fry survival rate of 35% A “though the
difference between e?g to fry survival is not great between the
green and eyed eg% plants, it may be advantageous to plant eyed
eggs because of the earlier emergence tinmes and greater control
ovetr environnental variables during the initial stages of devel op-
ment.

STREAM FLOW-KORANEE LENGTH RELATTONSHIPS

Several models were devel oped using wei ghted three year moving
average flow conditions to explain variations in kokanee year class
strength fromthe 1966 through the 1982 spawning years %Graham et
al. 1980, MMillin and Gaham 1981, Fraley and G aham 1982, Fraley
and MMl [in 1983).  Conbined male and fenale spawner |ength was
assumed to be inversely related to population density and was used
as the measure of year  class strength.

There was a strong relationship between kokanee spawner |ength
and flow conditions from 1966 through 1983 (Table 10, Figure 7
The correlation between fenmal e kokanee spawner |ength and spawning
and i ncubation gauge hei ght differences trom1966 through 1983 was
hi ?hly significant (r="0.93, r<30.87, p<.001). This indicates that
a [arge proportion d(_87% of the variation in spawer length could
be attributed to differences in spawning and incubation gauge
heights in the Flathead River as affected by discharges from Hingry
Horse Reservoir. Length of 1983 female kokanee spawners averaged
364 mm close to the 362.6 rrmOPredl cted by the river gauge height
nodel (Table 11'2. Predicted length for 1984 fenal e kokanee
spawners in the Flathead drainage is 337 nm

Flathead Lake |evels have also affected kokanee year class
strength from 1966- 1983 (Decker-Hess and Cl ancey 1984). The
addition of the nunber of days of |ake elevation |ess than 2885
feet during the incubation period raised the r of the gauge height
model from 0.87 to 0.93. The relationship between female kokanee
| ength, Flathead River gauge heights, and Flathead Lake levels is
illdstrated in Figure 8

Unexpl ai ned variation in kokaneeyear class strength maybe
related to other factors not included in the nodels. Qher factors
may affect incubation success (Wckett 1962), growth of kokanee in
Fl at head Lake (CGoodlad et al . 1974), or differential recruitnent
from other spawning areas to the [ake population. Quadrennial or
CR/C|IC dom nance may also be aff.ectln% year class strength of
Flathead kokanee (Fral ey and McMillin 1983).

Age conposition of the river system kokanee run does not

appear to have affected spawner |engths from1970-1983 (Table 12%.
During the 1981-1983 period, kokanee spawner |engths were the
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Table 10. Mainstem Flathead River flow variables and Flathead Sys-
tem female kokanee length from 1966-1983.

Weighted

Actual Incubation-spawning 3 year

Water years female gauge height moving

Spawn in 3 year kokanee difference average
year average length (fo) (ft)
1966 1962-64 283 1.53 2.06
1967 1963-65 263 3.16 2.44
1968 1964-66 266 2.39 2.20
1969 1965-67 303 0.99 0.65
1970 1966-68 314 -1.54 -0.36
1971 1967-69 324 -0.14 -0.29
1972 1968-70 324 0.76 -0.14
1973 1969-71 297 -1.35 0.22
1974 1970-72 307 1.78 0.23
1975 1971-73 309 -0.27 0.41
1976 1972-74 305 -0.04 0.06
1977 1973-75 314 0.52 -0.43
1978 1974-76 323 -2.07 -0.97
1979 1975-77 337 -0.97 -0.87
1980 1976-78 351 0.46 -0.48
1981 1977-79 361 -1.22 -0.94
1982 1978-80 370 -1.97 -2.31
1983 1979-81 364 -3.86 -2.06
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Table 11. Actual Flathead drainage female kokanee spawner length,
lengths predicted from the river gauge height model and
residual errors, 1966-1983.

Actual Predicted

female female

spawner spawner Residual

length length error
Year (nm) (mm) (mm)
1966 283 271.0 12.0
1967 263 262.5 0.5
1968 266 267.9 -1.9
1969 303 302.3 0.7
1970 314 324.8 -10.8
1971 324 323.2 0.8
1972 324 319.9 4.1
1973 297 311.9 -14.9
1974 307 311.7 4.7
1975 309 307.7 1.3
1976 305 3154 -10.4
1977 314 326.3 -12.3
1978 323 338.4 -15.4
1979 337 336.1 0.9
1980 351 327.5 23.5
1981 361 337.7 23.3
1982 370 368.2 1.85
1983 364 362.6 14
1984 --- 337 .-
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Table 12. Length (mm) and age data for kokanee salmon collected in Flathead River system spawning

areas from 1970-1983.

No. fish Average length , % Age II+ 2 % Age III+ % Age IV+
Year Male Female Comb Male Female Comb Male Female Comb Male Ffemale Comb Male Female Comb
1983 116 140 256 376 361 369 3 1 2 88 96 92 9 3 6
1982 107 106 213 381 367 374 2 1 2 79 89 84 19 10 14
1981 85 120 205 373 356 364 0 0 0 82 95 89 18 5 11
1980 47 69 116 371 343 357 0 0 0 36 65 51 64 35 49
1979 92 102 194 345 328 336 0 0 0 85 98 92 15 2 8
1978 175 143 318 333 312 321 0 0 0 85 95 90 15 5 10
1977 321 309 630 323 310 316 4 1 2 89 94 92 7 5 6
1976 253 145 398 312 300 306 6 6 6 81 71 76 13 23 18
1975 114 123 237 315 302 308 0 0 0 56 69 63 44 31 37
1974; 114 78 192 315 302 308 0 0 0 60 72 66 40 28 34
1973 44 22 66 305 292 298 2 14 8 82 73 78 16 13 14
1972 49 27 76 333 318 325 0 0 0 32 37 34 68 63 66
1971 99 112 211 333 320 327 0 23 11 29 69 49 33 8 20
1970 - 74 83 157 325 310 318 0 0 0 34 31 33 66 69 67

1 Combined length is an average of the mean male and mean female lengths.

2 Combined age structure is an average of the mean male and mean female age structure.

3 Figures from 1970-1973 are McDonald Creek fish only.



%?Q es%.rﬁcorded; yet only 6-14%of the run was conposed of ol der
) fish.

FRY EMERGENCE AND EMIGRATION

Fry Abundance and Emergence Timing

- The timng of kokanee fry emergence and kokanee fry abundance
Is critical in the determnation of the relative inportance of
Fl athead River system spawning areas as areas of recruitment to the
Fl athead Lake popul ation. Kokanee fry emgraticn was intensively
monitored in three river system spawning areas (Figure 9). Fr
emgration was nonitored on'a limted basis in the Mddle Fork o
&he Flathead R ver and at several points on the main stemFlathead
ver,

McDonal d Creek

Kokanee fry emergence and emgration in MDonald Creek ex-
tended from md-January to md-June, 1984 (Appendix C). A ngjor
fry emgration peak occurred during the third week of April: peak
emgration occurred two to four weeks later during other years of
the study (Fraley and MMllin 1983). Lesser peaks of fry em gra-
tion occurred in early April and md-My. Emergence trap catches
indicate simlar emergénce timng in MDonald Creek (Figure 10).

Emgrating fry were distributed vertically and laterally
throughout the water colum. Average nunbers of kokanee fry cap
turedin top, mddle and bottomnets set ,vertically in the water
colum were 17.4, 16.0 and 10.1 per 100 mPwater filfered.

An_estimated 13.1 mllion fry emgrated from MDonald Creek in
1983. The nunber of emgrating fry was 76% oftheestinatedegg
deposition calcul ated from spawner and fecundity counts. The rate
was inflated due to an underestimte of potential egg deposition.
The snorkel counts of adult spawners used to estimte potential egg
deP03|t|on are trend point estimtes and may not represent the
total number of spawners which entered MDonald Creek during the
1983 spawni ng Qerlod. E?g to fry survival rates in MDonald Creek
of 22% and 69% were calculated for 1982 and 1983. Kokanee fry
survival my be inversely related to spawner denS|tX in MDonal d
Creek. The high survival rates during 1983 and 1984 occurred
during years of | ow spawner trend counts 330,000-34,000), while the
| ower flgure calculated in 1982 resulted froma trend count of
nearly 100,000 spawners.

Survival in MDonald Creek was high when conpared to ot her
natural salnmon spawning areas. Jeppson (1960) reported a seven
percent egg to fry survival rate in Sullivan Spring Creek, |daho
which was considered a high quality kokanee spawning ground.
Survival rates conparable to the 1983  McDonald Creek figures have
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been reported for salmon in several spawning channel's in Japan the
US SR, MWashington (Bakkala 1970) and British Colunbia (R A
Lindsay, British Colunbia Mnistry of Environment, pers. comm).
Royce {1959) reported a 75 percent egg to fry survival for silver
salnon in a coastal California stream

Fry emergence from kokanee redds at the upper end of MDonal d
Lake peaked In late My, as indicated by biweekly towing from
April-June.  Enmergence in upper MDonald Creek didn"t begin until
early June and appeared to be conpleted by late June. Kokanee that
spawned in upper MDonald Creek and along the upper |akeshore may
have been part of the MDonald Lake popul ati on,

Brenneman's Slough

Fry emgration occurred in a series of peaks in Brenneman's
Slough, a main stem spring area which corresponds roughly to the
prattern_ of adult kokanee mgration into the slough (Appendix C).
he major enmgration peak occurred in .earlkl May. An estimated
37,198 fry emgrated from the area during the spring of 1984,
representing 19.2%of the total Tpotent| al egg deFosmon. The eqqg
tofry survival rate calculated for Brenneman Sl ough for 1983 was
13.7% " when an estimated 31,511 fry em grated.

whitefish River

The major kokanee fry emgration peak in the Witefish River
occurred in md-April, with a secondary peak inmd-My (Figure?9).
Number of fry emerging fromtwo redds into emergence traps al so
peaked in md-April.

An estimated 66,254 fry emgrated fromthe Witefish River
above Rose Crossing Bridge.” This represents 10.4% of the total
Potenual egg deposition, "hased on redd and fecundity counts. Egg
o fry survival in the Witefish River &ing 1983 was 4.5%

Main stem Flathead River

Emi gration of kokanee fry in the Flathead River past Kalispell
peaked in md-April (Appendix c). Initiation of runoff and debris
prevented further sanpling after early My. Energence trap catches
at spawning area 39 in the main stem also peaked in md-April
(Figure 11).” Kokanee fry emergence tinming was early in 1984 due to
early initiation of spawning in the fall of 1983.
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M ddl e Fork of the Fl at head

. Fry emgration in the Mddle Fork of the Flathead River peaked
in late March (Appendix C). The ma ontdl of the fry passing the
Mddle Fork sanpling station above Vest G acier probably em grated
fromredds |ocated near the mouth of Deerlick Creek.

Fry Movements

Kokanee fry emgration was nonitored from MDonald Creek down-
stream through the river systemduring two fry staining experi-
ments. These experiments were conducted to determne the timng of
fry recruitnent to Flathead Lake. Know edge of timng of fry
arrival to the lake could prove critical in any future studies on
younger age classes of kokanee. A total of 14,500 kokanee er
captured in MDonald Creek were stained and released on 28 Mrc
and their movements were nonitored at sanpling sites downstream
éFI ure 12). Atotal of 512 of the fry were recaptured at stations
, 34 and 55 km downstream from MDonal d Creek. The fry apparently
|eft the creek in a concentrated group, beginning at dusk, and
began passing the ei ?ht km station after 3 hours of travel tine.
The |eading edge of the stained fr¥ group passed the 34 km point
after 10 hours of swimming time. The fryappearedtoholdin the
area for the daylight period, then began moving and passed the 55
km point four hours after darkness for a total” travel time of 14
hours. Attenpts to track the fry in the lower, slow noving 30 km
of the river to Flathead Lake, were unsuccessful. Flows during
this experiment averaged 871, 920 and 3834 cfs in the Mddle Fork,
North Fork and main stemFl athead R ver.

A second groug of 40,500 fry were captured and stained in
McDonal d Creek on 23 April. The fry left the creek in a concen-
trated grou begl nning at dusk g2000 hrs) as indicated by nets set
in the creek. They reached the 8kmpoint after two hours of travel
and the 34 km point after six hours %H gure 13). The first stained
fry reached the 55 km poi nt bY 0500, after 8 hours of travel,
slightly faster than the calculated flow tinme. After apparently
hol |ngi] in the area dur|n? the daylight hours, the fry continued to
pass the 55 kmpoint until 2400 hours the second night. The first
fry reached the 96 kmpoint by the end of the second night of
travel. The majority of the fry passed the 96 km point on the
third night of travel " from MDonald O eek.

- Stained fry covered the distance between the 55 kmand 96km
points at a rate approximately twice that of the current speed,
measured at several points al ong the length of the section. The
fry were nore scattered at the 96 km point, as one was captured two
nights after the majority passed. Flows during this experinent
averaged 3,870, 4,416 and 11,134 cfs in the North Fork, Mddle
Fork, and main stemFlathead R ver.

41



243 3

BLANKENSHIP BR.- 8km ~ 376 recaptures

80

60

40
x
x 20
w
w v e ' v -
Zz
<
S
X COLUMBIA FALLS- 34 km- 57 recaptures
Q
w
Z 60
=
? a0
U
(o]
« 20
w
8 l 1L
= — - —— p—
2
z

KALISPELL- 65km ~ 78 recaptures

60

40

20

12 AM 12PM 12 AM 12PM 12 AM )
29t 3o
DATE / TIME

Fig. 12.  Nunber of recaptured stained fry at sanple sites 8km
34km and 55km bel ow McDonal d Creek at 28-30 March 1984,
Successi ve peaks show t he downstream noverent rate of the
group of stained fry.

42



NUMBER STAINED KOKANEE FRY

90
70 BLANKENSHIP BR.- Bkm ~ 131 recaptures
50
30
10 III
70 COLUMBIA FALLS- 34km-~ 72 recaptures
50
30
10
KALISPELL- 85km-~ 14 recaptures
30
10
- | al
SPORTSMAN BR.- 96km-~ 20 recaptures
30
10
ads_ _ L
12AM 12PM 12AM 12PM 12AM 12PM
24® 25" 26"
DATE / TIME
Fig. 13. Nunmber of recaptured stained fry at sanple sites

8km 34km 55km and 96km bel ow McDonal d Creek on
23-26 April, 1984. Successive peaks show the

downstream novenent rate of the group of stained
fry.

43



~Movenent rates of kokanee fry were as rapid «more rapid than
estimated flowrates in the Flathead River System  The fry
aﬁparently.hold their position in the flow and actively swim
through eddies and back currents. Hartman etal. (1962) reported
t hat ?ockeye fry actively mgrated downstream faster' than the
current.

POPULATION RECOVERY
Flow Recommendations for Population Recovery

~The goal for the managenent of the Flathead drainage kokanee

fishery is a balanced nunber of fish, approximately 330 nmin
length (Gaham et al. 1980). This |evel of recovery would provide
a min stemwsinilar to that of 1975 when an estimated 165,000
fishspawnedinthe Hathead Rver. Recovery of the main stem run
wi Il enhance recruitment to the Flathead Lake fishery and provide a
dependabl e fishery for adult kokanee in the river system The
overal | management goal is also directed toward maintaining a
diversity of ‘Spawing areas.

~ Managenent of seascnal and daily flow |evels in the Flathead
River below the South Fork is critical to the recovery of the
kokanee popul ation. A flowregine in the min stem which woul d
enhance kokanee reproduction, 'was reconmended to the Northwest
Power Pl anning Council in 1981 and HTPI enented by the Bonneville
Power Adm nistration and Bureau of Reclamation during the 1982 and
1983 spawni n% years (NWPPC 1982%. The flow recommendations in-
cluded a stable discharge of 3,500-4,500 cfs for kokanee spawni ng
from 15 Qctober through I5 December, and a mninum flow of 3500 cfs
for egg? i ncubation and al evin devel opment from 15 Decenber through
30 April. These flows will elinminate nost incubation mortality due
to dewatering, and should result in the recovery of the min stem
run to level s observed prior to the late 1970's.

Timing of the Population Recovery

Timng of the recovery of the min stem kokanee popul ation
coul d vary substantially, depending on the |evel of natural repro-
ductive success for each year class of fish fF| gure 14). Recovery
of the population fromits present depressed level could not occur
at a fry to adult return rate of .0l assumng 20% egg to fry
survival. At a 2.0%fry to adult return rate and no harvest, a
fishable main stem poFuI ation would be reached by1993 and over
150, 000 spawners woul d return annually by 1997. The maximum
assigned |evel of 330,000 spawners would be reached by 2003. A fry
to returmng adult survival rate of 3.0% could result™in a fishable
popul at i on ){ 1989, and téy 1997 a maxinum assigned |evel of 330,000
spawners would be reached.
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The main stem kokanee popdaianis expected to recover wth
an average of 20%egg to fry survival and 2.0%fry to adult
survival, based on egg to fry Survival studies in the Flathead, and
on values in the literature. These rates would result in a
doubling of numbers in each successive four year cycle of spawners
for an overall return rate of 2.0 adults per spawner. Due to the
present density of spawners, reproductive success in the early
years of the recovery could be substantially greater. Mean
estimates of returning adults per spawner reported for Seagoing
salmon in streams of Alaska and British Colunmbia ranged from1.7 to
3.0 and averaged 2.3 over a 40 year period (Bakkala 1970)

Management of Harvest Rates

A spamnin%]man_S0,000 kokanee spawners in the main stem was
estimated as the mni num popul ation that coul d support a harvest
Wi t hout |npa|r|nﬂ the recovery rate of the population. Wth little
(K no harvest, the po?ulat|on shoul d be safely above the 50,000
fish level by 1993.  The rate at which the main stem popul ation is
harvestedfromthat point would greatly affect the Kate O popul a-
tion growth and recovery (F|Eure 15). 'A desirabl e harvest rate for
nanagenﬁnt of the main Stem kokanee popul ation woul d be one that
coul d be adjusted based on the nunber of spawners that return each
year. This Shlftln? harvest rate could begin at 10% when the
m ni mum fishery level of 50,000 fish is reached, and increased to
50% at the assumed maxi mum popul ation |evel of 330,000 spawners
(figure 16, Table 13). Wth this sh|ft|n8 harvest rate, the main
stem popul ation woul d increase to over 200,000 spawners after four
« five generations and to over 300,000 spawners by 2007. This
harvest managenent strategy would allow for areasonabl e bal ance O
popul ation recovery and angl er harvest.

The kokanee sna f[sheny was converted to a lure fishery with
a reduced limt of 10 fish during the 1983 spawning run. The
Purpose of these regulation changes was to reduce the harvest rate

0 below 10% as outlined intheharvest management strategy. An
estimted 1022 kokanee were harvested from an estinmated main stem
Preharyest popul ation of 17,301 for a harvest rate of 5.0% The

ure fishery regulations were effective in reducing harvest rates
of the main stemrun fromthe traditional 40 to 50% experienced
during the snag fishery. The lure fishery will remain in effect
until the popul ation recovers to the |evel where it can again
support the 40 to 50% harvest rates of the past.

CONCLUSIONS AND FUTURE WORK

The kokanee spawning runin main stemFlathead River has been
reduced to an average o onl¥.16%>of_the total recruitnent to
El athead Lake from 1979-1983. This decline was largely due to the
effects of the operation of Hungry Horse Dam on kokanee spawni ng
and success and angler harvest.” "The main stem kokanee run has
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Fig. 15. Projected growth of the main stem kokanee run
at 20% egg to fry survival, 2% fry to adult survival
and 10%, 20%, 30%, 40% and 50% harvest rates.
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Table 13. Hypothetical harvest management plan for
Flathead River kokanee run.

the main stem

Estimated Mean Mean number

Projected preharvest time Harvest of kokanee

population level period rate harvested
0-50,000 1984-1972 ot/ 0
50,000-100,000 1993-1996 0.14 11,473
100,000-200,000 1997-2001 0.24 34,093
200,000-300,000 2002-2008- 0.39 95,749

>300,000 2009-2033 0.50 162,235

1/ The restricted lure fishery may result in a minimal harvest of

6% or less.
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declined froman estimted 165,000 post-harvest spawners 325 mmin
length in 1975, to an average of only 9,400 post-harvest spawners
averaging 380mm over the last five years.

“I'nplementation of the recommended spawni ng (3,500-4,500 cfs)
and incubation (3,500 cfs) flows in the min stemshould result in
the recovery of the kokanee spamn!nﬂ run to levels simlar to 1975
(F%?,OOO preharvest spawners), which is the management goal of the
study.

~The recovery period could vary, depending on natural fluctua-
tions in the survival rates of kokanee eggs and fry. .Awera?e
condi tions of 20%>e%% to fry survival, 2.0%Ttry to returning adult
survival, and a |0-50%shifting harvest rate after the popul ation
reaches 50,000 fish would result in recovery approaching the
managenent goal of over 300,000 spawners by 2003, or after six
generations of kokanee. If no harvest was allowed, population
Egggveryapproachlngthe management goal would occur by the md

S.

- \Wrk during the next year of the study wllconcernthe con-
tinued evaluation of the effects of the controlled flows on kokanee
reproductive success. Additional diel spawning studies wll be
conducted to evaluate possible fine tuning of the daily timng of
the flow releases from Hungry Horse Dam Studies will also focus
on refining the average values for natural kokanee reproductive
success which are critical in projecting and managing the recovery
of the main stemspawning run

Afinal research reportw || bepreparedbythe end of FY1985
(SeFtenber 30, 1985). At that tine, all results fromthe study
vi |1 be conpiled and analgzed and an¥ dai |y and seasonal adj ust -
ments of the Wesmﬂ Flathead River Tlow recommendations will be
made. Evaluation of the river flows will continue through the
1985, 1986 and 1987 spawning years in anuch reduced form not
requiring a project biologist on the river portion of the study.
Final study recomrendationsfor boththeriver andl akeporti onsof
the study wll be nmade by March, 1988.
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APPENDI X A

Kokanee redd counts in spawning areas
onthe mai nstemF athead River,
1979-1983.

Redd counts for the South and Mddle Forks of the
Fl athead River, Beaver and Deerlick O eeks,
and the Witefish River during 1983.



Table 1. Numbers of kokanee redds counted

in

late November of

1979, 1980, 1981, 1982 and 1983 in areas of the
Flathead River below the South Fork. See Appendix E
and Praley and Graham (1982) for locations and

descriptions of spawning areas.

Area Number of kokanee redds observed
Number River km 1979 1980 1981 1982 1983
1%/ 37.0 425 136 341 180i/ 278
1= 37.0 - - T 60 0
2 41.42 5 0 12 0 0
3 42.0 7 1 0 0 0
4 42.2 0 25 67 9 0
51/ 42.5 0 0 14 0 0
6~ 43.4 60 11 0 0 0
7 44.3 0 6 30 16 0
8 45.0 0 0 133 47 0
9 45.5 0 15 218 0 7
10 46.7 0 0 517 0 19
11 47.9 0 0 165 0 0
12 48.0 0 0 254 0 0
13 40.3 22 0 04/ 60 0
14 48.8 0 0 151~— 0 0
15 49.0 0 0 9 0 0
16 49.4 119 12 106 0 0
17 50.0 359 0 118 0 05/
18 50.5 10 0 0 0 2=
19 52.0 0 3 174 0 65/
20 52.2 55 0 604 0 130=
21 52.4 0 13 226 0 24
22 54.4 100 0 176 17 0

23 55.3 100 7 31 0 0
24 55.5 200 1 13 0 02/
25 59.8 290 5 363 0 124~
26 60.2 0 0 3 0 0
27 60.3 150 0 494 0 3685/
282/ 60.7 0 1 51 0 60T/
29~ 60.8 250 1] 375 0 197=
30 61.0 25 0 94 22 1031/
31 61.5 25 0 234/ 0 25+
32 65.0 0 735= 0 199
32A 65.5 0 8 413 0 105/
331/ 66.0 0 0 11 0 36—
34 66.5 20 0 160 67 123
351/ 67.6 50 0 1463/ 0 25
36— 68.5 330 231 0= 0 0
371/ 67.7 100 0 495 0 1302
38~ 68.5 100 0 288 0 260
39A 69.0 T —— T 30
3932/ 69.4 —-— - — 108
39 = 69.5 0 0 1083 560 1852
39c 70.1 -_— to - T 742
40 70.6 0 0 76 0 231
41 70.9 0 0 92 65 8
41A 72.0 0 0 0 12 0
42 73.7 0 0 0 12 222
42A 73.7 —— 192
TOTAL 2,802 467 7,853 1,528 6,683
1/ Spring influenced

2/ Limited groundwater or spring influence.

3/ Beaver dammed during 1981.

4/ Redds found after late November redd count.

5/ Early November count used because they exceeded late Nov. counts.
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Table 2. Number of kokanee redds in the South Fork of the Flathead
River from Devil"s Elbow to Highway 2 on 29 October
1981, 12 November 1982 and 7 November 1983.

) o River Number of redds
Spawning area description Area km 1981 1982 1983
300-400 m above Highway 2 1 15 45 100¥ 805
Whelp Creek area 2 2.6 90 0 0
Left bank of big bend 3 3.2 140 25 9
across from Whelp Creek
2% 2nd9949Rt 2b5AKs) 4 5.5 2 43 859
Devil*s Elbow 5 6.3 -2 3 184

TOTALS 277 200 18573/

1/ Redds found after November count.

2/ No count.

3/ An .additional 297 redds were found in the South Fork
bel ow the H ghway 2 bridge
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Table 3. Number of kokanee redds counted
the Fl athead River on 20 and 22 October,
1982, and 1 November 1983.

in the upper Middle Fork of
1981, 25 October,

River Number of redds

Spawning area description Area km 1981 1982 1983
Run above golf course 13 8.6 25 0 42
Run below new W. Glacier bridge 14 9.1 35 0 0
New W. Glacier bridge 15 9.6 51 0 0
Run below old W. Glacier bridge 16 10.7 307 0 3
First run below canoe dump rapids 17 12.0 360 0 6
Last tunnel 18 12.8 95 0 0
Second hole below Lincoln Cr. 19 16.0 10 0 0
19A 0 0 9 0

Between Deerlick and Harrison Cr. 20 21.9 7 0 9
Mouth Deerlick Creek 21 22.4 66 44 60
TOTAL 956 53 120

Table 4. Number of kokanee redds counted

in the

lower Middle Fork of the

Flathead River on 20 and 22 October, 1981, 26 October, 1982, and
20 October, 1983.
River Number of redds
Spawning area description Area km 1981 1982 1983
First run and pool of canyon 1 2.2 140 244 10
Second run/pool 2 2.6 230 122 4
Third run 3 2.9 246 0 19
Fourth run 4 3.2 170 40 10
Fifth run 5 3.5 62 0 0
First hole in canyon 6 3.8 62 46 0
Sixth run 7 4.5 23 0 0
Second hole of canyon 8 4.8 250 0 0
Third hole of canyon 9 05.1 14 57 0
Hole at tail of USGS cable 10 5.9 40 4 0
Below first house on hill 11 6.9 119 60 139
Below McDonald Creek 12 7.4 4 125 252
TOTAL 1,360 698 434




Table 5 . Number of redds counted in Beaver and Deerlick creeks
on 4 December 1981, 3 December 1982, and 5 December 1983.

Creek Number of redds
Spawning area _description Area Kkm 1981 1982 1983
Deerlick Creek
Mouth of Deerlick Creek to 1 D-.5 48 9 1
Moccasin Creek river access
Hwy 2 Bridge to Dalimata 2 1.0-1.5 11 1 0
Bridge
Gas line crossing to Hwy 3 2.0-3.0 143 14 0
Dept. shed
Beaver Creek
Run below ford crossing to 1 3.0-4.0 516 18 0
beginning of creek
(including side channel
by ford)
TOTAL 718 42 1

Table 6. Number of kokanee redds counted in the Whitefish River
on 19 October 1981, 22 October 1982, and 24 October

1983.
River Number of redds
Spawning area description Area km 1981 1982 1983
Rose Crossing to Birch Grove 1 6.0-9.5 265 289 103
Bridge
Birch Grove Bridge to 2 9.5-13.0 48 421 272
Tetrault Bridge
Tetrault Bridge to Hodgson 3 13.0-15.0 41 127 118
Crossing
Above Hodgson Crossing 4 15.0-155 _ 59 36 37.
TOTAL 413 873 530




APPENDI X B

Characteristics of the fall, 1983 kokanee fishery
inthe Flathead River system

Tables1-16



Table 1. Total nunber of angler party interviews and conpleted
trip party interviews on Sections M5l -Ms4 of the
Fl athead River from27 August to 15 Cctober, 1983.

River Section

MSI M52 MB3  MB4 Tot al
Nunber of Interviews
Shore 13 29 T 32 81
Boat 75 10 T 4 96
Tot al 88 39 14 36 177
Nunber of Conpleted Trips
Shore 4 5 2 14 25
Boat 37 3 | 1 42
Tot al 4 1 8 3 15 67
Percent Conpleted Trips 47 21 21 42 38

Table 2. Percent kokanee anglers in sections M, M52, MS3 and M4
of the Flathead River and section M of the Mddle Fork
from 27 August to 15 Cctober, 1983.

Total Interviews Kokanee Fi sherman % Kokanee Fi shernan
S 1 89 75 84
MS2 39 7 18
M5 3 15 3 20
MS 4 36 20 56
M 1 19 18 95
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Table 3. Angler residence from179 party interviews conducted on
Sections M5- M54 of the main stem Plathead River from

27 August through 15 Cctober, 1983.

Angl er residence

Nunber of parties

Percent of parties

Kal i spel |
Qher Flathead county

Lake County

M ssoul a County

Qther Wéstern Mntana
Eastern Mntana

USA non-resi dent

Forei gn (Canada)

116
47
2

65
26
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Table 4. Catch rates (nunber of kokanee per hour) for all
interviewed on the mainstem Flathead River from27 August
to 15 Cctober, 1983. The number of kokanee caught is in

par ent heses.

angl ers

Catch rate (no. kokanee/ hour)

Dat e M1 MS2 MS3 VB4
Al Anglers

8/27 - 8/31 .12 0 0 0
(78)

ol - 9/14 .44 0 0 1.81
(88) (68)

9/15 - 9/30 .57 0 0 1.28
(30) (45)

10/1 - 1Q15 0 0 0 .19

(13)

.53 0 0 1.48

TOTAL (196) : (126)

Kokanee Anglers

8/27 - 8/31 .80 0 0 0
(78)

9l - 9/14 .49 0 0 2.91
(88) (67)

9/15 - 9/30 .15 0 0 1.80
(30) (45)

1001 - 1015 0 0 0 .19

§13)

.57 0 0 .09

TOTAL (196) - (125)

.56
(322)

.72
(321)
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Table 5. Mean number of hours (weighted mean) per completed angler trip by
time period on Sections MSI-MS4 on the main stem Flathead River
and Section MFI on the Middle Fork of the Flathead River, 27 August
to 15 October, 1983.

Mean hours/completed angler trip

Mains tem Middle Fork

Time period MS1 MS2 MS4 Total MFI
8/27 - 8/31

shore 4.7 4.0 - 4.5 -

Boat 6.7 - - 6.7 -

Combined 6.2 4.0 - 6.0 -
9/l - 9/14

Shore 4.0 2.3 6.0 3.2 3.3

Boat 4.1 4.1 -

Combined 4.1 2.3 6.0 3.2 3.8 -
9/15 - 9/30

Shore 1.3 2.8 2.4 6.1

Boat 4.8 10.0 10.0 4.4 7.0

Combined 1.9 4.8 4.2 4.0 3.6 6.1
10/1 - 10/15

Shore 2.5 - 2.5 3.0

boat -

Combined 2.5 - 2.5 3.0
TOTAL

Shore 4.5 2.7 2.8 3.1 3.2 5.8

Boat 4.4 4.8 10.0 10.0 4.7 7.0

Combined 4.5 35 4.6 3.5 4.2 5.9

Table 6. Number of parties using each terminal tackle type on Sections
MI-MS4 on the Flathead River, 27 August through 15 October, 1983.

River Section

MSI MS2 M3 Ms4 Total(X)
Bait 7 13 3 5 28 (16)
Fly 0 9 4 9 22 (12)
Lure 1 10 4 0 25 (14)
Combination 71 7 4 22 104 (58)
TOTAL 89 39 15 36 179 (100)
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Table 7. Total number of angler party interviews and number of
completed trip angler party interviews on Section MFI
of the Middle Fork of the Flathead River from 27 August
to 15 October, 1983.

Shore Boat Combined
Number of interviews 17 2 19
Number of hours 69 9 78
Number of completed trip interviews 11 | 12
Number of hours 63.5 7 70.5
Percent completed trips 65 50 63
Percent Hours - Completed trips 92 78 90
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Table 8. Catch rates (number of kokanee per hour) for shore and boat fishermen on Sections MSI-MS4 on the mainstem
Flathead River and Section MF1 on the Middle Fork of the Flathead from 27 August to 15 October, 1983.
Catch Rates (kokanee/hour)
Malnstem Flathead River Migafe rork
MS1 MS2 MS3 MS4 All

Date Shore Boat Shore Boat Shore Boat Shore Boat Shore Boat Shore Boat
8/27 - 8/31 .14 .85 0 0 0 0
9/1 - 9/14 0 .49 0 - 0 - 1.81 -
9/15 - 9/30 0 7 0 0 0 0 1.45 0 1.10 2.22
10/1 - 10/15 0 - - - 0 1.18 - -
TOTAL .03 .61 0 0 0 0 1.59 .59 .63 .50 2.22

Table

9. Estimated shore fishing pressure by time period on Sections MSI-MS4 of the Flathead River. The 95% confidence

limits are in parentheses.
Total Estimated shore fTishing pressure by section
daylight Malnstem Flathead River
Time Period Days hours MST MS2 MS3 MS4 Total
17 67
8/27 - 8/31 5 67.5 (+ 33) 219 (+ 132) 0 303
{(+ 165)
9/1 - 9/14 14 189 201 579 260 394 1434
(+ 109) (+ 305) (+ 165) (+ 290)
s Z 5 =
9/15 - 9/30 16 195.2 174 336 (: 54) 239 814
{(+ 102) (+ 169) (+ 130)
21
10/1 - 10/15 15 168 (+ 41) 210 21 42 294
(+ 322) (+ 41) (+ 82)
Total 50 619.7 412 1344 413 674 2844
(+ 159) (+ 503) (+ 222) (+ 328) (* 659,




L-d

Table 10.

Estimated boat fishing pressure by time period on Sections MSI-MS4 of the Flathead River.

The 95% confidence limits are in parentheses.
Total Estimated boat™fishing pressure by section
daylight Mainstem Flathead River -
Time Period Days hours MS1 MS2 M53 MS4 Total
8/27 - 8/31 5 67.5 1201 540 202 0 1943
(+778) (+630) (+281)
9/l - 9/14 14 189 2000 0 0 0 2000
9/5 - 9/30 16 195.2 877 260 172 239 1548
(+421) (+243) (+217) (+187)
10/1 - 10/15 15 168 0 0 0 42 42
(+82)
Total 50 619.7 4077 800 374 281 5532
(+1299) (+675) (+355) (+204) (+1520)
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Table 11. Total estimated fishing pressure (hours) by time period on Sections MSI-MS4 of the Flathead River.
The 95% confidence limits are in parentheses.

Total Estimated fishing pressure {hours) by section
daylight Main Stem Flathead R ver
Time Period Days hours MS1 MS2 MS3 MS4 Total
8/27 - 8/31 5 67.5 1218 759 270 0 2247
(+779) (+651) (+310)
91 - 9/14 14 189 2200 579 260 394 3433
(+958) (+305) (+165) (+290)
9/15 - 9/30 16 195.2 1050 596 237 477 2360
(+433) (+296) (+224) (+228)
21 21 84
10/1 - 1D/15 15 168 (+41) 210 (+41 (+116) 336
(+322) )
Total Pressure 50 619.7 4489 2145 788 955 8377
(+1309) (+842) (+419) (+387) (+1657)
Percent Pressure - 54 26 9 1 100
Pressure (hours)
Per Km 125 113 74 41 94




Table 12. Estimated monthly kokanee harvest by shore anglers only on the
four sections of the mainstem Flathead River during 1983. The
95% confidence limits are in parentheses.

Estimated numbers of kokanee harvested

Time Period L) VS2 MS3 NS4 Total
8/27 - 8/31 2 0 0 0 . 2
9/l - 9/14 0 0 0 713 713
9/15 - 9/30 0 0 0 346 346
10/1 - 10/15 0 0 D
Total 2 0 0 1059 1062 (+836)

Table 13. Estimated monthly kokanee harvest by boat anglers only on the
four sections of the mainstem Flathead River during 1983. The
95% confidence limits are in parentheses.

Estimated numbers of kokanee harvested

Time Period MS1 MS2 MS3 MS4 Total
8/27 - 8/31 1020 0 0 1020
o1 - 9/14 977 0 0 977
9/15 - 9/30 626 0 0 0 626
10/1 - 10/15 0 50 50
Total 2623 0 0 50 2672 (+1346)

Table 14. Estimated kokanee harvest by shore and boat fishermen on the lower
Middle Fork of the Flathead River during 1983. The 95% confidence
limits are in parentheses for totals.

Estimated numbers

of kokanee harvested

Time Period Shore Boat Total
8/27 - 8/31

9ol - 9/14

9/15 - 9/30 228 271 500 (+366)
10/1 - 10/15 0 0

Total 228 (+191) 271 (+312) 500 (+366)
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Table 15.

Total estimated fisherman pressure in hours exerted by kokanee

anglers from shore and in boats on the lower Middle Fork of

the Flathead River from 27 August to 15 October, 1983. The
95% confidence intervals are in parentheses.

Estimated fishing pressure.

Total
daylight (hours)

Time Period Days hours Shore Boat Total
8/27 - 8/31 5 67.5 0 0 0
9ol - 9/14 14 189 0 0 0
9/15 - 9/30 16 195.2 207 122 329

(+107) (+92) (+141)
10/1 - 10/15 15 168 42 0 42

(+66) (+66)
Total 50 619. 7 249 122 371

(+126) (+92) (+156)
Table 16. Estimated kokanee harvest by all anglers on the four sections of the

mainstem Flathead River during 1983. The 95% confidence limits are
in parentheses.
Estimated numbers of kokanee harvested
Time Period MS1 MS2 MS3 MS4 Total
8/27 - 8/31 1022 0 0 1022
o1 - 9/14 977 0 0 713 1690
9/15 - 9/30 626 0 0 346 972
10/1 - 10/15 0 50 50
Total 2625 0 0 1109 3734
(+1341) (+843) (+1584)
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APPENDI X c
Estimated nunbers of kokanee fry emgrating,

flow, and water tenperatures infive river
system spawning areas during late winter and spring, 1984.

Figures|-5
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Fig. 2. Estimated nunbers of kokanee fry emgrating,
flow, and water tenperature in Brenneman Sl ough
during late winter and spring, 1984.
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River during spring, 1984.
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